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Summary

Tn aceordance with federal legislarion, the.
U.S. Department of Energy (DOE) has con-
ducted u project o demonstrate use of its
Energy Conservation Voluatary Performance
Standards for Commercial and Mult-Family
High-Rise Restdential Buildings; Mandatory
for New Federal Buildings; Interim Rule
(referced to in this report as DOE-1993). A
key Tequisite of the legislation requires DOE
10 develop commercial building energy stan-
dards that are cost effective. During the
demonstration project, DOE specifically
addressed this issuc by assessing the impacts of
the standards on 1) construction costs,
2) huilders (and especially small builders) of
rmalti-family, high-rise buildings, and 3) the
ability of low-to moderate-income persons to
‘purchase of rent units in such buildings,

For the demonstration, the DOE selected
four prowotypical buildings located in two dif-
ferent climates for & total of eight test cases.
These four buildings were part of & larger
sample of buildings used in a prior nalysis to
determine the DOE-19%3 standands” impact o
building encegy efficiency. As part of the
energy efficiency analysis, the energy per-
formance chararieristics of the original
buildings were modified through computer
simulation to comply with ASHRAE Standard
90A-1980: Energy Conservation in New
Building Designs. The original computer
stmulations were also revised to meet the
minimum performance requirements of DOE-
1993. The o sets of building energy per-
formance characteristics that resulted were
used to establish the energy-1 mlab:d hmldm«

& of this 1P
cost impact analysis. Incremental cost esti-
mates were developed for those energy-related
building components that varied between the
ASHRAE-1980 and DOE-1993 building con-
figurations.

Findings from the construction cost
impact analysis indicate that although the
u:nmgy‘efﬂmency requirements of DOE-£993
are, in general, more demanding than
ASHRAE-1980, they do not necessarily result
in higher eonstruetion costs. Rather, the
DOE-1993 compliance methadologies” flexi-
bility allows designers to economically use the
wide range of lighting and heating, ventilarion,
and air-conditioning (IVAC) equipment and
envelope component materials currently avail-
able 10 design buildings with energy-related
components of equivalent or lower constue-
tion cost than those designed to the ASHRAE-
1980 standard.

In six of the eight cases studied, the total
cost of the energy-related building components
valuated wes slightly lower nnder DOE-1993
than under the ASHRAE-1980 standard. A
portion of the construetion cost savings
resulted fram the lower lighting power levels
allowed under DOE-1993. These lighting
power lovels were assumed ta be achievable
with currently available and recommended
lighting technologies, such as T-8 Aunrescent
famps and electronic or hybrid ballasts.
Higher fixture efficacy (greater lumen output.
and/or lower power reguirements) and lower
allowable lighting levels permit design alterna-
tives using fewer fixtures, thersby reducing
material and labor costs while reducing ihe
insealled warts per square foot to meet the:
lighting power allowance.

Fower and more efficient fixtures also
result in lower building internal heat gain
which reduces air conditioning Toads, but
increases heating demand. The effect of lower
invernal heat gain, when coupled with the
minor increases in envelope and glazing
thermal efficiency performance and slightly
higher efficiency HVAC equipment required



by DOE-1953, produced soms small changes.
in HVAC equipment capacity requirements.

In half the cases studied, these changes were
large encugh to allow the slight downsizing of
coaling equipment resulting in additional cost
savings. Because the DOE-1993 standard
appears to result in relatively small changes in
energy-related building component costs, the
impacts of the standard on small builders of
multi-family, high-rise residential buildings are
expected to he minimal.

It is anticipated that DXOE-1993 will have
na impact on the ability of low-to-moderate-
income people o rent or purchase a unit in a
multi-family, high-rise complex for three
reasons. First, the standard does not appear to
lead to higher construction costs. Second,
findings demonstrate that very small ehanges
in HYAC equipment sizing and efficiency will
be required nnder DOE-1993 relative to
ASHRAE-1980 and the number of lighting fix-
tures may be reduced, indicating a potential
reduction in maintenance costs. Finally, a
previous study evaluaring the energy efficiency
of the standard found that overall energy use
should be reduced; therefore, DOE-1993
should have no impact on rent or purchase
prices,

Several dditional findings pertaining to
the study methodology, made during
course of the demonstration, have led to the
following series of recommendarions.

The findings of this analysis have
revealed the limitations of using theoretical
building simulation output data 1o define the
energy-related building components used in a
compararive consiruction cost study.

et on 1; Within the next year
DOE should begin the development of @

methodology ro fink energy-related con-
struction cost database informarion with
building simularion programs to allow the
effects of energy-efficient design
alternatives to be measured and evaluated
directly in terms of both energy and cost
performance.

This comparative construction cost impact
analysis represents anly & small fraction of the
possible desipn and equipment selection per-
mutations that may result from the implemen-
tation of the DOE-1993 standard.

Recommendarion 2: Duaring the next
year, DOE should expand its construction
cost impact analysis efforts to include a
cast-sensitivity analysis which examines
design alrernarives thar refiecr 1) aver-
age, Iow-cost construction praciice;

2) above-average, moderate-cost con-
struction; and 3) advanced, high-cost
construcrion practices which make fult
use of eurvent materials, equipment, and
technologies. The sensithvity analysis will
allow DOE to more clearly define the
bounds of the cost impacis possible under
the DOE-1993 standard.

It was noted that this study used buildings
that do not accurately reflect the significant
advancements and changes in design practics
that came shout in the 1980s as & basis for
analysis.

Recommendarion 3: Within the next year,
DOE should perform an assessment of
current industry design and construction.
practice. The assessment should be
Jollowed by coaperative working agree-
ments with the desigh and construction
industry 1o develop practical design
alternaiives thar comply with DOE-1993.
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1.0 Introduction

‘The U.S, Department of Ensrgy’s
{DOE’s) mandate to develop and implement
energy performance standards for commercial
buildings was established by the Energy
Conservation Standards for New Buildings Act
of 1976, as amended, Public Law 34-385, 42
USC 6831 er seq., hereafier referred w as the
Act, Tm accordance with the Act, DOE was to
establish performance standards for both
federal and private-sector buildings "o achieve
the maximum practicable improvements in
energy efficiency and vse of non-depletable
resources for all new buildings . . . " (42
USC 6831).

The Act was amended in 1930, Section
326, 94 Stat. 1649 of the Housing and
Community Development Act of 1980 (Public
Law 399, 42 USC 6833) required DOE 1o use
a three-stage process in developing the
standards: promulgate interim standards,
conduct a demonstration project, and develop
and issue the final standards at a future date.
DOE was assisted in the demonstration project
by Pacific Northwest Laboratory (PNL).®
DOE is also required 10 "review the standards
on & non-specific periodic basis and revise
aceording to more recent information and
research . . . " {42 USC 6833). The Act was
amended again by the Omnibus Reconciliation
Act of 1981, making the standards mandatory
for federal buildings and voluntary for all
athers. l-ullowmg promulgation of the
interim cos standards in Jamary,
1989, DOE was required to

« « » tmdertake a demonstration
project that will af minimum include
an analysis of the impact of the

@) Pacific Narthwest Laboratory is opersied by
Battelle Memorial instituts for the U5,
it of Boeegy under Comract
DE-ACO6-TERLO 1830,

standards on the design, construction
costs, and these energy savings, includ-
ing the types of energy 10 be realized
from utilizing these energy standards .

. conduct the demonstration pmjeu
in at least two geographical 3
amalyze the impact of the slanﬂ.ﬂrd.i on
residential builders, especially small
huilders, and the impact of construc-
tion costs on the ability of low-and-
mederate income persons to purchase
or rent units in such buildings . . . the
demonstration project shall have a
duration of one year and that within
180 days of its completion, a report of
the results from the demonstration
program be sent to Congress . . "
42 USC 6833).

1.1 Development of Energy
Conservation Standards

In 1975 the American Society of Heating,
Refrigerating, and Air Conditioning Engineers
(ASHRAE), in cooperation with the [lluminat-
ing Engincering Society (IES) and under pro-
cedures epproved by the American National
Standards Instimts (ANSI), approved and
published ANSI/ASHRAE/ES Standard 90-75,

“Energy Conservation in New Building
Design." The standard provided minimum
eriteria for designing energy-conserving
buildings. Shortly thereafter, the Energy Pro-
duction and Conservation Act (Public
Law 94-63) was passed. The Act held out
federal financial support for state energy
programs based, in part, on their adoption of
energy standards no less stringent than
Standard 90-75. Beginning in 1975, many
states passed legislation and adopted regula-
tions making energy standards part of the




building design and construction process,
Concurrently, DOE [formerly U.S. Energy
Research and Development Administration
{ERDA)] began developing programs o assist
the states with implementing energy standards.

Standard 90-75 was revised in 1980 and
became, in part, ANSI/ASHRAL/ES Standard
90A-1980. Soon thercafter, the Council of
American Building Officials (CABO) spon-
sored updates 1w the Model Energy Conser-
vation Code (MECC)-77. The first such
update was in 1983, ar which time the
MECC-77 was updated 10 include require-
ments in Standard 90A- 1980 (hereafier
referred 10 as ASHRAE-1980). Concurrent
with these national voluntary standards and
model codes initiatives, DOF remained active
in energy standards work. This was in
response ta initiatives outlined in Public
Law 94-385.

Two major initiatives spansored by DOE
during the 1980s on building energy standards
development, and in response to Public

Law 94-385, were Special Projects coordinated
by ASHRAE. One of the projects, Special
Project 41 (SP41), brought together experts in
the design, construction, amd estimating fields
1¢ determine what revisions to ASHRAE-1980
were feasible and cost effective. By applying
the findings of energy consumption simula-
tions, using different product and systems
strategies, existing buildings were designed,
modified, and redesigned for the purpose of
reducing energy. The costs associated with the:
products and systems were reviewed as well,
and decisions were made concerning what
design strategies were cost effective. The

results of this effort were evaluated and
provided a basis for a series of recommenda-
tions on how ASHRAE-1930 could be revised
to more effectively address energy conser-
vation in new buildings.

These recommendations were used in the
ASHRAE/ES process for development of con-
sensus standards. The most recent is
ASHRAE/ES Standard 90.1-1989, "Energy
Conservation in New Buildings, Except Low-
Rise Residential " (Standard 30.1-89).

Using ASHRAE/ES Standard 90.1-89 as
@ basis, interim standards for federal building
have been developed. These federal standards
were promulgated in 1989 as 10 CFR 435,
"Yoluntary Performance Standards for New
Commercial and Multi-Family High Rise
Residential; Mandatory for Federal Buildings *
The federal standards include performance
requirements for new construction starting in
1989 and more stringent performance require-
ments for construction starting in 1993 The
1989 performance requirements are referred to
a8 DOE-1989 and the 1993 performance
requirements are referred to as DOE-1993 in
the remainder of this report

1.2 Report Organization

Chapter 2 describes the methodclogy
used in this demonstration project, and the
overall findings of the demonstration are
presemad in Chapter 3. Clnp(engwesm

based on this
References are listed in Chapter S.




2.00 Methodology

For the demonstwation. the DOE selected
four prototypical buildings in two climate
locations. The four buildings are part of &
larger sample of huildings used in the
ASHRAE SP41 project mentioned above, The
§P41 project resulted in a four-volume series
entitled, ~Recommendations for Energy Con-
servation Standards and Guidelines for New
Commercial Buildings," issued as 40 docu-
ments (PNL 1983a). The report includes com-
plete descriptions, including blueprints and
cost estimate data of the original buildings,
which were constructed in the late 1970s and
early 1980s, Because of the availability of this
comprehensive documentation, the P41 build-
ings provided an acceptable basis for the
comparative construction cost impact analysis
presented here.

Through computer simulation, the energy
performance characteristics of the four original
buildings were revised to comply to ASHRAE-
1980 and revised a second time w meet the
minimum performanee requirements of the
DOE-1993 standard. Elements of the original
building that were modlﬁad include the energy

ics of the ceil
walls, and floor; glazing thermal tmummmoe
and shading coefficients; lighting power
allowances; and heating, ventilation, and air-
conditioning (HVACJ equipment capacities and
efficiencies. The original building's archi-
tectural features, such as the window-to-wall
ratio, were not altered.

When applicable, incremental construc-
ton cost estimates were developed for those
energy-related building components that varied
between the ASHRAE-1980 and DOE-1993
simulations. Engineering judzment was used
10 identify energy-related building components
and equipment which provided the most
realistic method of compliance. In many
instances, several options were available, and

the aption likely to produce the lowest life-
cycle cost was selected. Cost estimates were
based on data from MEANS Buliding
Construction Cost Data 1991, MEANS
Electrical Cosr Dara 1991, MEANS
Mechanicel Cosi Data 1991 (R. 8. Means
1990a,b.c). Additional information on product
cost and availability was obrained from
manufacturers, distributors, and retailers of
glass imd glaming products, HYAC, and light-
ing equipment in various lacations in the
United States,

2.1 Selection of Prototype
Buildings and Climate Locations

A multi-family, high-rise building was
one of the four buildings selected because it
was specified in the federal legislation, A
small office (bank), a retail ancher store, and 2
strip mall retail building were chosen because
they represented the full range of estimared
antual energy savings from the DOE-1993
standard, The buildings were modeled for two
different climate zones: Madison, Wisconsin,
and Las Angeles, California. Madison was
selectad because it is the climate location that
had the greatest annusal energy use averaged
across all building types. Los Angeles was
selected for the opposits reason—the least
annual energy use across all building types.

2.2 Building Simulation Input
Deseription

Building envelope characteristics for
huildings being modeled under ASHRAE-1980
were developed through simultansous solution
of a series of equations in the ASHRAE %0A-
1980 Standard. These equations combine the
effects of floor, ceiling, and wall insulation



with glazing characteristics fo yield a single:
solution. Lighting levels for buildings being
modeled under ASHRAFE-1980 were developed
through the use of the lighting power density
values found in the Hllurninating Soclety of
North America Lighting Handbook (TES

1981). HVAC equipment cfficiencies were
taken directly from the ASHRAE 90A-1980
Standard.

Building envelope characteristics for
‘buildings being modeled under DOE-1593
were developed through use of the ENYSTD
program, [ENVSTD is a software program
developed to facilitare use of those portions of
the DNOE standard related to the building
envelope (Crawley, Riesen, and Briggs 1989)]
Floor and ceiling insulation levels are sex by a
prescriptive method based on the Jocal climate.
Wall insulation levels, plass thermal trans-
mittance, and shading coefficients were
adjusted so that the building just met the
requirements of the DOE-1993 Standard.
Lighting levels for buildings being modelled
under DOE- 1993 were developed through the
use of the LTGSTD program. [LTGSTD is a
saftware pragram developed 1o facilitate use of
those portions of the DOE Standard related to
lighting systems (Crawley, Riesen, and Briggs
198%)]. HVAC equipment efficiencies were
taken directly from DOE-1993.

2.3 Small Office Building - Bank

The small office building selected is &
single-floor, 2500-ft* branch bank, constructed
in 1981 in Guilderland, New York. Tt has a
floor-to-roof height of 16 feet and is of

(@) Moy possible combinations of wall insalation sad
glass wanamintense and shading coefficieets will
yield 2 minimally compliant bailding. However,
ol ome corabinasion was examined for each
building in a particular climate location.

2.2

wood-frame construction with brick venser.
The building is roughly 50% glass on the
north and south sides, with 10% glass on the
west and 3% on the cast.  The entire building
is served by a single variable air volume
VAV, direct-expansion roofiop cooling unit,
‘The estimated total original construction cost
of the bank was $301,000.

2.3.1 Bank - Los Angeles, California
Simulation

The bank was simulated using Los
Angeles weather data. A celling insulation
lezvel of R-6.73 was required 1 comply with
ASHRAE-1580, while DOE-1993 required a
slightly lower level of R-5.43. Several ceiling
insulation options exist which could meet the
requirements of both standards. Given the
bank is of wood-frame construction, it is mosL
likely that a 3.5-in. fiberglass barn (R-11)
would have been specified to provide com-
pliance in both cases, resulting in no incre-
mental costs.  The lighting power allowances
{LPA) under ASHRAE-1980 were 2.77 Wants

(W) in the main business area and
2.13. W/t in the lounge area.  Under DOE-
1993, the LPA requirement was approximately
40% less (1.68 W/A? in the main business
area, 0.56 Wi in the lounge aren). Cost
estimates were performed assuming T-8 fluo-
rescent fixwures with electronic ballasts, These
high-performance fixtures have a greater initial
cost than those used in the ASHRAE-19801
scenario; however, fewer fixtures (and related
wiring) are required to meet the lower LPA
under DOE-1993, As a result, material and
fabor costs for lighting were $876 lower under
DOE-1993 than ASHRAE-1580.

HVAC capacity requirements also
decreased as a result of the lighting medifica-
tions, but the drop was not large Wuugh to
result in a change in equipment sizing.
Therefore, there were no HVAC cost impacts.



Tn total, use of the DOE-1993 standards.
relative to ASHRAE-1980 resulted in a
negative increment of $876.

2.3.2 Bank - Madison, Wisconsin
Simulation

Ceiling R-values went from R-11.88
under ASAHRAE-1980 1o R-15.96 under DOE-
1993. A 6-in, fiberglass bar (R-19) was used
1o satisfy both standards and resulted in no net
cost change.  Floor slab insulation values were
R-5.56/ASHRAE-1980 and R-7.63/DOE-1993.
Smooth-cell polystyrene slab insulation of
1.5-in. thickness met the ASHRAE require-
ments, but a 2-in. thickness was needed to
comply with DOE-1993 resulting in a cost
imcrease of $320.

Double glazing was used in both the
DOE and ASHRAE cases; however, the shad-
ing coefficient under the DOE standard {0.576)
as greater than the ASHRAE level (0.391)
and, a3 a result, tinted glass could be used in
place of a reflective coaring. This resulted in
4 negative increment of $1338.

Lighting cost savings are identical o
those in the Los Angeles simulation (876}, so
overall, DOE-1993 allowed for a construction
cost savings of $1,894.

Table 2.1 compares the bank building’s
energy performance characteristics required for
minimal complisnce under DOE-1993 and
ASHRAE-1980.

Table 2.1, Encrgy-Related Building Characteristics for the Bank Building

Madison Las
ASHRAE-1980 DOE-1993 ASHRAE-1980 DOE-1993

Building Component

Raof insulation R-11S R-16.0 R67 R-5.4

Wall insulation R-B.3 RES R-1.1 R11

Floor insulation RS5.6 R R25 R-25

Glazing thermal transmittance 0,595 0.595 0.595 0.595

Glazing shading coefficient 0.391 0.576 0.476 0.583

Window/wall ratio 0.36 0.36 0.36 036
Power Allowance

Lighting (W/i%) 21238 0.6-1.7 2028 0.61.7
Equipment Efficiencies

Cooling (EIR)® 0.248 0.193 0.248 0.192

Hearing (HIR)™ 133 1.25 1.33 125

(@) Bleciric Tnput Ratic.
{6} Heat Input Ratio.



2.4 Multi-Story, Multi-Family
Apartment Building

The multl-family building selected for
analysis was built in Edina, Minnesota, in
1977, It is a 9-story structure byilt in the
shape of an "H", with an tnderground garage.
Tt consists of 416,776 gross square feet (GSF)
(excluding parking), of which 362,736 GSF
are residential living quarters, and 54,040 GSF
are composed of public areas and corridors
The building is constructed of cast-in-place
concrete columns and flats slabs with post-
tensioned steel reinforcing. North and south
exposures have about 27% glass; east and west
exposures have sbout 20% glass, Multiple
HVAC system types were used for this b
ing. The apartments are supplied with four-
pipe fan coil units. The ventilation air in the
apartments for make-up to the kitchen and
bathroom exhausts is furnished from the
corridor, supplied with a 100% make-up air
variable-temperature, constant-volume (VICY)
direct expansion rooftop unit. The roofiop
unit is also furnished with a hot water heating
coil, whereas the cooling is done with a direct
expansion coil, reciprocating compressor, and
air-cooled condenser. The public and recres-
tion areas are furnished with YTCY air-
handling units. Two hermegic centrifugal
chillers provide the chilled water, and rwo gas-
fired, hot water boilers the hot water. A
single, gas-fired hot water heater is also
furnished for domestic hot water.

2.4.1 Apartment Building - Los Angeles

Ceiling insulation values dropped from
R-8.41/ASHRAE-1980 to R-7.11/DOE-1993.
This small difference in thermal resistance
values did not provide enough change o result
in an incremental nsulation thickmess.

Lower lighting power allowances under
DOE-1993 provide for cost savings of almost
$14,000 in the apartment building. In the.

24

parking parage, high-pressure sodium Fixtures
were used in the DOE-1993 scenario, to
replace high-output fluorescent fixtures used
under the ASHRAE-1980 scenaric. High
efficiency fluorescent fixtures replaced
incandescents to achieve the DOE-1993
lighting pawer allowances in lobbies and
storage areas.

Hearing requirements increased as a
result of the slight drop in ceiling thermal
resistance values mentioned ahove in
combination with the reduced internal heat
gain achieved through the lower LPA. The
slightly larger boiler nesded to meet the
increased heating requirement resulted in &
cost ncrease of $3,600. Conversely, cooling
requirements dropped slightly under DOE-
1993; however, not encugh to result in
equipment downsizing.

The overall cost impace of DOE-1993
relative to ASHRAE-1980 was a negative
increment of §10,161.

2.4.2 Apartment Building - Madison

Ceiling, wall, and floor insulation values
all increased under DOE-1993. However, the
increases were small, and only floor insulation
incremented to the next greater thickness mate-
rial Extruded polystyrene slab insulation of
1.5-in. met the ASHRAE-1980 floor insulation
requiremnents of R-5,55, but a 2-in. thickness
of the same marerial was needed 10 meet the
R-7.69 required 10 comply with DOE-1993.
The incremental cost amounted to §1,600,

Ax was the case in the Los Angeles simu-
lation, lighting power requirements were
significantly lower under DOE-1993, and the
asgociated [ighting cost savings were $13,761.
Heating and cooling requirements were slightly
lowes, and downsizing of boilers, chillers, and
cooling towers was possible. The change in
capacities was enough to result in a construc-
tion cost savings of §13,140,



‘The overall cost reduction under the
DOE- 1993 seenario was approximately
$27,000.

Table 2.2 compares the apartment build-
ing's energy performance characteristics
required for minimum compliance under
THIE-1993 and ASHRAE-1980,

2.5 Retail (Anchor) Store

The retail store selected, a high-quality
department store that serves as an anchor stare
for a mall shopping center, was built in
Atlanta, Georgia, in 1975, The building is
2-stary structure with an average foor-to-flooe

height of 19 fest, Tts 164,200-f% area is
divided into merchandising and office, 82%,
and stock and storage, 18%. Construction is
stee] frame with masonry skin, The building
has very lintle glass: no display windows, only
8-foot-wide glass entrance doors and a strip of
small windows on the second floor office area.
Each floar of the building is served by two
constant-volume variable temperature air-
handiing units. There are no rewen fans: each
unit has a drybulb-activated economizer. The
air-handling units have electric-resistance
hesting coils. The cooling coils are supplied
by chilled water from a single, hermetic
centrifugal chiller with condensing water from
a cooling tower.

Table 2.2. Energy-Related Building Characteristics for the Multi-Family, High-Rise Building

Madison

Los Angeles

ASHRAE-1080 DOE-1993 ASHRAE-1980 DOE-1993

Building Component
Roof insulation R-13.6
Wall Insulation R-05
Floor insulation R-55
Glazing thermal transmittance 0.595
Glazing shading coefficient 0.850
Window/wall ratic 0.13
Power Allowance
Lighting (Wifi*) 0.5-1.85
Equipment Efficiencies
Cooling (ETR)® 0.248
Heating (HIR}® 133

R-17.6 R-8.4 R7.1
R2.0 R-A0.0 RD.0
R7.7 R-2.5 R25
0.595 1.383 1383
0.850 0975 0975
Q.13 0.13 0.13

0.14-1.71 0.5-1.85 014171

0.192 0.248 0.192

125 133 125



2.5.1 Retail Store - Los Angeles

The DOEZ2.1C computer simulation indi-
cated thar an insulation value of R-(,98 was
required for minimum compliance ta
ASHRAE-198(, but called for an R-0 under
DOE-1993. The built-up. roof construction of
the retail building lends itself to igid insula-
tion and, therefore, 0.5-in. polystyrene insula-
tion was estimated for the ASHRAE-1980 case
at a cost of $26,172. This condition, where an
"0dd" R-valuc is established by a building
simulation program, is a good example of one
of the drawbacks associated with using theo-
retical dala from an enerzy simulation program
for the purpeses of determining cost impacts of
energy-efficiency codes and regularions.
Ideally, the energy simulation program should
default to the nearest valuc that reflects.
commonly available components and equip-
ment. In this way, enetgy savings data would
divectly correlate with cost impacts.

The DOE-1993 lighting power allowance
for the reail store was 1.20 W/, The LPA
under ASHRAE-1980) was 3.25 Wi, The
building was actually constructad to
170 Wifi?, significantly exceeding the
performance requirements of the ASHRAE-
1980 standard. Because the ASHRAE LPA
appeared to be unreasonably high, savings
were estimated relative to the as-buili condi-
tions. The lower LPA from DOE-1993 rela-
tive to the as-built condirion yielded & total
savings potential of $8,495, Meeting the
standard of 1.20 W/E¢ was easily accamp-
Jished by using the T-8 fluorescent lamp and
electronic ballast technologies

" The cooling requirements of the building
decreased by approximately 25% under DOE-
1993, and cost estimates performed on a
smaller chiller and cooling tower revealed a
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cost reduction potential of approximately
$22,000, Overall, the negative cost tncrement
as a tesult of the DOE-1993 standard was
$56,567,

2.5.2 Retail Store - Madison

Ceiling and floor insulation requirements
were tighter under the DOE-1993 scenario
resulting in a cost increase of over $21,000.
These cost inereases were partially offset by
savings from lighting reduction ($3,4435) mmd
from the specification of a smaller cooling
tower ($7,400). The Lozl cost increment of
the DOE-1993 version of the retail store
versus the ASHRAE-198( case was $5,297,

Table 2.3 compares the retail building’s
energy performance characreristics required for
minimal compliance under DOE-1993 and
ASHRAE-1980.

2.6 Strip Mall Store

The small recail store selected was
composed of two units (end and adjacent unit)
of a strip shopping center built in Mulmomah
County, Oregon in 1978, The units are single-
mry(wsfcﬂwrw ceiling) with a GSF area
of 11,760 i, and are wood-frame construction
with cedar siding. The southern and western
exposires are aboul 35% glass, with no glass
on the eastern and northern sides. Each unit is
served by a separate packaged rooftop
variable-temperature, constant-volume direct
expansion unit. Each unit has a drybulb-
activated economizer. The heating is by gas-
fired heat exchangers and the refrigeration
campressors are the reciprocating type with
air-cooled condensers. Estimated total original
building construction cost was $620,000.



Table 2.3. Energy-Related Building Characteristics for the Anchor Retal Building

Wadison Los Angeles
ASHRAE-1080 DOE-1993 ASHRAE-1980 DOE-19%3
Building Component
Roof insulation R6.1 R-10.2 R-LO R0.0
Wall insulation R-1.3 RAE R-0.0 R0.0
Floor insulation R-5.6 R77 R-2.5 R-2.35
Glazing thermal transmittance 1.383 1383 1383 1383
Glazing shading coefficient 0.975 0475 0.975 0.975
Window/wall raia 047 o007 0.07 0.07
Power Allawance
Lighting (W/R2) 3.5 12 3,25 1.2
Equipment Efficiencies
Cooling (EMR)® 0.248 0.192 0.248 0192
‘Heating (HIR)™ 133 1,25 1.33 1.25

2.6.1 Strip Mall Store - Los Angeles

‘This is the only simulation where the
DOE-1993 standard resulted in an increase in
plazing efficiency resulting in an increment
from single- to double-pane glass, The use of
double-pane windows resulted in a cost
inerease of $10,602.

The building was built to a lower LPA
than that required by either standard and,
therefore, lighting did not result in incremental
cost changes. The cooling requirements went
down a5 a result of the increased insulating
qualities of the glass but not enough 1o
inerement the EVAC system to the next
smaller unit.

27

2,6.2 Strip Mall Store - Madison

Costs related to increases in the thermal
efficiency of the ceiling (51,171), wall ($926),
and floor ($1,100) characteristics of the strip
mall under the DOE-1993 standard simwlation
were completely offset by savings from a
slightly lower capacity HVAC system
($9,400). The total pegative increment
equaled $6,204.

Table 2.4 compares the strip mall
building's energy performance characteristics
required for minimal compliance under
DOE-1993 and ASHRAE-1980.



Table 2.4. Energy-Related Building Characteristics for the Strip Retail Building

Madison
ASHRAE-19%) DOE-1993
Building Component

Roof insulation R-11.1 R-15.2
‘Wall insulation R-3.2 R-13.3
Floor insulation R5.6 R1.7
Glazing thermal transmittance 0.595 0.595
Glazing shading coefficient 0.631 0.745
Window/wall ratio 024 024

Power Allowance

Lighting (W) 27 22
Equiptent Efficiencies

Cooling (EIRY® 0.248 0.192

Heating (HIR)™ 133 1.25

2.8

Los Angeles
ASHRAE-1980 DOE-1949%

R-5.9 R46
R-5.3 R53
R2.5 R-2.S
1383 1383
0.683 0.439
024 0.24

27 2.2
0.248 0.192
1.33 1.25




3.0 Findings

The results of the case studics of the
four buildings indicate thar although the
energy-efficiency requirements of DOE-1993
are, in general, more demanding than
ASHRAE- 1980, they do not necessarily result
in higher construction costs. Rather, the
DOE-1993 compliance methodologies” flexi-
bility allows designens to economically use the.
wide range of lighting and HYAC equipment
and envelope component materials currently
available to design buildings with energy-
related eomponents of equivalent or lower cost
than those designed to the ASHRAE-1980
standard, Tn six of the eight cases studied,
energy-related construction component costs
were slightly lower as a result of changss
made to comply with DOE-1993 relative to
ASHRAE-1980,

A portion of the construction cost savings
resulted dircetly from the lower lighting power
levels required under DOE-1993. Higher fix-
ture efficacy (greater lumen output and/or
lower power requirements) and lower allow-
able lighting levels permit design alternatives
using fewer fixmres, thereby reducing material
and labor costs while reducing the installed
walts per square foot to meet the lighting
power allowance. The reduction in construc-
tiom costs for the lighting system ranged from
approximately §900 in the bank sinmlation o
$14,000 in the apartment building simulation,

The lower lighting power allowance of
DOE-1993 algo results in lower internal build-
ing hear gain, which reduces air conditioning
Ioads while increasing heating demand. The
effect of lower internal heat gain, when
coupled with the minor increases in envelope
and glazing thermal efficiency performance
and slightly higher efficiency HVAC equip-
ment required by DOE-1993, produced some

small changes in HVAC equipment capacity
requirements. Tn hall the cases stdied, these

were large encugh to allow the slight
downsizing of eoaling equipment resulling in
cost savings ranging from 57,400 to $22,000,
In the case of the Los Angeles apartment
building simulation, heating requirements
increased as a result of a slight decrease in
ceiling insulation required under DOE-1993,
plus reduced imernal heat gain due to the
lower LPA. In this case, a slightly larger
boiler was required at a cost increase of
53,600.

There were no incremental construction
costs associated with changes in glazing
thermal performance characteristics, except for
the strip retail store m Los Angeles. Tn this
particolar building, the glazing was changed
form clear single-pane, o tinted double-pane,
with an increase in construction costs of
slightly over S10,000.

The required changes in envelope
R-valucs (insulation levelsh to meet the
requirements of the standard were for the most
part small and construction cost lmpacts rela-
tive to ASHRAE-1980 ranged hetween a nega-
tive increment of $26,000 in the Los Angeles
retail store o an incremental cost of $21,000
In the Madison retail store.

3.1 Summary of Costs and
Energy Savings

A summary of the DOE-1993 cost incre-
ments, estimaced original building total
eonstruction costs, and the anmual energy
savings achieved through compliance with
DOE-1993 is presented in Table 3.1.



Table 3.1, Estimated Base Building Construction Cost and Incrermental Costs
for Implementing the DOE-1993 Standards

Estimated
Construction Cost

Incrememeal Cost
(DOE-1993 versus

Anmual
Energy

Location/Building _Original Building ASHRAE-1980)  Savings (MBtu}
Los Angeles
Apartment 536,000,000 510,161 1998
Bank $301,000 -$876 24
Strip Regail $620,000 $10,602 284
Retail $10,200,000 -$36,567 5118
Madison
Apartment $32,000,000 -$27,301 4050
Bank $301,000 51,893 26
Strip Retail $600,000 -$6,205 108
Retail $2,000,000 $5,294 3764

The demonstration project findings also
indicate that multi-family, high-rise buildings
can be designed to comply with both DOE-
1993 and ASHRAE-1980 with minimal differ-
ences in overall ensrgy-related component
construction cost. Therefore, implementation
of DOE-1993 should have little or no effect on
the ability of both Jarge or small construction
companies to bid on these projects. It should
be pointed out, however, that multi-family,
high-rise buildings are typically built by larger
construction firms and not by small construc-
tion companies.

It is anticipated that OE-1993 will have
ne impact on the @bility of low-to-moderate-
income pecple to rent or purchase a unit in a
multi-family, high-rise complex for three
reasons. First, the standard does not appear to
lead to higher construction costs. Second,
findings demonstrate that very small changes
in HVAC equipment sizing and efficiency will
be required under DOE-1993 relative o

ASHRAE-1980, and the number of lighting
fixtures may be reduced, indicating a potential
reduction in maintenance costs, Finally, a
previous study (Hadley and Halverson 1992)
found that overall energy use should be
reduced by DOE-1993. Therefore, the DOE-
1993 standard should have no impact on reat
or purchase prices,

3,11 Limitations of the Methodology

The methodology used in this construc-
tion cost impact analysis has several limita-
tions. The first pertains to the building energy
performance data provided for use in the
analysis. The primary intent of the original
building model simulations was to develop an
energy-use database for estimating the energy-
savings potential of minimally compliant
prototypical buildings. The methodology used
to bring the original buildings’ thermal per-
formance into minimal compliance with
ASHRAE-1980 and DOE-1993 involved




varying the energy efficieacy of selected
system components until minimum energy
performance levels were attained, The process
uses] for selecting system components for
modification was somewhat arbitrary,

‘This approach, although adequate to meet
the needs of the energy study (Hadley and
Halverson 1992}, produced data that do not
reflect standard building practice, and there-
fore, were not entirely compatible with the
requirements of the construction cost impact
analysis methodology, For example, the
thermal resistance values of envelope compo-
nents derived from the energy amalysis re-
quired "interpretation” (oo Revalues that are
practical from an architectural design and cost-
estimating perspective. Some accuracy is lost
in the translation because the energy perform-
ance characteristics of the thooretical building
de not exactly correspond to the performance
characteristics af the insulation materials used

3.3

in the cost study. Ideally, the energy simnla-
tion program should provide data which
default o the nearest thermal resistance or
conductiviry value that reflects commonly
available companents and equipment.

The second limitation is that tis
construction cost impact analysis represents
only a small fraction of the possible design and
equipment selection permutations that may
result from implementing DOE-1993 and relies
on the extensive use of engineering judgment

Thirdly, this construction cost impact
analysis used buildings constructed in the late
1970s and early 1980s as 4 basis. Buildings
congtructed during thig time period incor-
porated design techniques commen to the
1970s. This somewhat limits the accuracy of
the study in that they do not reflect the signifi-
cant advancements and changes in energy
efficiency that came about in the 1980s.



4.0 Recommendations

‘The results of the case studies performed
under this construction cost impact analysis
indicate that commercial and multi-family,
‘high-rise buildings can be designed to comply
with both DOE-1993 and ASHRAE-1980 with
minimal differences in overall construction
cost, However, through the course of the
demonstration, several limitations to the smdy
methodology were identified. The recommen-
datioas which follow are dirootly sssocised
with these findings.

The findings of this analysis have
revealed the limitations of nsing theoretical
Duilding simulation eutput data to define the
energy-related building components used ina
COMPArative COMSITUCTON cost swdy.

Recommendation 1: Within the next year
DOE should begin the developmeni of a
methoedology 1o fink encrgy-related con-
structton cosi database information with
building simuiation programs to allow the
effects of energy-efficlent design alter-
natives 1o be measired and evalumted
directly in terms of Both energy and cost
perfarmance.

This construction cost impact analysis
represents only a small fraction of the possible
design and equipment selection permutations
that may result from the implementation of the
DOE-1993 standard.

Recommendation 2: During the next
year, DOE should expand its canstruction
cost impact analysis efforis to include a
cost-sensitivity analysis which examines
design alternatives that refiect 1) aver-
age, low-cost consiruction pracilce;

2} above-average, moderate-cosi con-
struction; and 3 advanced, high-cost
conserection praciices which make full
wuse af current marerialy, equipment, and
technologies. The sensifivity analysis will
allaw the DOE ta more clearly define the
Bounds of the cost Impacts poisible wider
the DOE-1993 standard,

This construction cost impact analysis

used buildings constructed in the late 1970z
and early 1980s as a basis

Recommendarion 3; Within the next
year, DOE should perform an assessment
of current industry design and construe-
tion praciice using @ representative
sample of buildings and building fypes.
The assessmenr should be followed by
cooperative warking agreemenis with the
design and consiruction industry to
develop practical design alternarives that
comply with DOE-1993.
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